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SUMMARY
. & An investigation at subsonlic and tramsonic speeds has been performed .
in the Lengley high-speed T- by 1lO0-foot tumnel to determine the aercdy-
T namic characteristics of a 42.7° sweptback wing with a 20-percent-chord

e e end 50-percent~span outboard alleron. The model hasd & c¢clrculer~arc air-
: foil section and the aileron trailing-edge thickness was modified for
the different tests. The investigation was performed in trensonic flow
over & bump on the tunnel floor and in subsonic flow on one of the tunnel
side walls. The Mach number for this investigation varied from about 0.h2
to 1.17 and the Reynolds number varied from 800,000 to 1,220,000.

The data presented indicate that changing the circular-src aileron
contour to a flat-sided aileron contour with finite trailing-edge thick-
ness eliminated reversal of control in most cases and generally Iimproved
the aileron control characteristics. The drag coefflclent was increased
and the serodynamic center ghifted rearward in the subsonic Mach number

renge.
INTRODUCTION

_ One of the many problems arising from the use of high-speed aircraft
has been that of securing adsquate lateral control, particularly in the
transonic speed remge. An Investigation has been mad.e (reference 1) to
determine the alleron control characteristice of a Lh2.7° sweptback
circular-arc wing with varlous ailerons through a Mach mumber range
from 0.5 to 1.2 by using the transonic bump. The original circular-arc
contour aileron gave very low effectlveness in the transonic speed range
~ and the effectiveness reversed for some conditions. An alleron having

' flat gides and a tralling edge the same thickness as the alleron thickness

at the hinge line gave reasonable effectiveness and showed no reversal of

effeetiveness up to a Mach number of 1.2 (reference 1).
. UNCLASSIFIE Y
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The purpose of.this Investigation was to détermine the rolling-

moment charascteristics of the model of reference 1 with en alleron having
flat sides and a trailing-edge thickness less than the thickness at the
hinge line, up to a Mach number of 1.17. Lift and drag characteristics
were obtained up to a Mach nmumber of 1.15 and the pltching-moment charac-
teristics, up to & Mach number of 0.95.

SYMBOLS AND CORRECTIORS

11ft coefficlent i-)
1
595

drag coefficlient 1D_
595

1
piltching-moment coefficlent (TM_)
Fase,

t
rolling-moment coefficlent produced by aileron (%)

1ift, pounds
drag, pounds
pitching moment about 0.183 mean gecmetric chord, foot-pounds

rolling-mcament produced by alleron about plane of symmetry,
foot-pounds

twice area of semispan model (0.25 sq ft)
twice spsn of semilspan model (1 £t)
wing meen geometric chord (0.259 f£t)

ratio of alleron thickness at tralling edge to thickness at
hinge line

engle of attack, degrees

alleron deflection, positive when tralling edge 1s down, degrees

average dynemic pressure over span of model, pounds per square

foot < %pve)
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mass density of air, slugs per cubic foot
alr velocity, feet per second
average Mach number over span of modsl

tunnel reference Mach number

Z'Ez‘dv

1 local Masch number
R - . Reynolds number

The rolling-moment data have been corrected in accordance with the
method of reference 2 for reflection-plane models. This correction is
for extremely low Mach numbers. No correction hes been made for Mach
number effect. The correction applied was as follows:

Cig = 0'897czmeasured ;

Al1 date are presented gboubt the wind axes.
MODEL

The semispan wing model for these tests had a leading-edge

sweepback of 42.7°, a taper ratio of 0.50, and en aspect ratio of 4.0;
other geometric characterlstics are showmn in figure 1. The wing, made

of steel with a polished surface, had a 10-percent-thick circular-arc
section normal to the 50-percent-chord line, had no dlhedral, and was
mounted as a midwing (fig. 1). The polished-brass fuselage was semi-~
circular in cross section and was bent to the contour of the bump. The
fuselage for the tests on the side wall of the tunnel wes made of hardwood.

The 50-percent-span outboard alleron was attached to the wing with a

l—:l.nch—'bhick copper insert (fig. 1). This insert waé bent to obtaln the

requlired aileron deflection. The deflection was checked before and after
each test. The various alleron profiles investigated are shown in
figure 2. The alleron chord was 20 percent of the wing chord.

TEST TECHNIQUE

The tests were performed in the Langley high-speed T- by 10-foot
tunnel which is capable of reaching the choking Mach number. TIn order
to obtain transonic spseds in the tumnel, an application of the NACA
wing-flow method of testing was made (veference 3). This method of
testing at transonic speeds involves placing the model in the high-velocity
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flow field gemerated over the curved surface of & bump on the tunnel
floor (fig. 3). A sketch showing the location of the model on the bump
is given in figure 4. An electricel strain-gage balance was mounted in
a chamber in the bump to measure the aserodynsmic forces and moments of
the model. The chamber ls sealed except for a hole through which the

butt of the wing passes. The fuselage which was spproximately l? inch
above the bump surface coversed this hole.

The chordwise variation of Mach number slong the surface of the
bump is shown In figure 5. This figure also presents the vertical varia-
tlon of Mach number at a chordwise station 12 inches from the leading edge
of the bump. It should be noted that at & glven tummel Mach number the
local Mach number obtained from surface static pressure measurements at
station 12 ls somewhat higher than the maximum value indicated from the
vertical survey (fig. 5)« This difference in Mach number is brought about
by not taking into account the total pressure loses in the boundary layer
for the surface survey. Extrapolatlon of the vertlical survey to the
surface of the bump glves nearly the same Mach number as l1s obtained from
the surface survey. The test Mach number was the average Mach number over
the span of the model. The averags Mach number over the spen of the
model is higher than the average Mach number over the span of the aileron
by approximately 0.0l at the lowest Mach number and 0.03 at the highest
Mach number tested (fig. 5). No attempt has been made to evaluate the
effect of the variation in Mach number along the chord and span of. the

model .

Mechanical difficulty with the balance used in the bump made 1t
necessgary to conduct part of the investigation at subsonic speeds on the
wall of the Langley high-speed T- by 10-foot tunnel by means of the setup
shown in figure 6. The reflection plane was spaced out from the tumnel
wall to situate the model out of the tunnel boundary layer. The Mach
number dld not vary over 1 percent over the chord and span of the model
for these tests. ’

The veriation of Reynolds number of the model with Mach number for
average -conditions is presented 1n figure 7.

RESULTS AND DISCUSSIONS

Wing-Fuselage Aerodynamic Characterilstics

The 1ift end drag characteristics of the model obtained from the
transonic bump are presented in figures 8 and 9, respectively. The sub-
sonic 1lif+t, drag, and pitching-moment characteristics for the model
obtained from the wall mount are presented in figures 10 to 1h. In
general, the results fram the two methods are in good agreement.
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Aerodynamic-center location
Aileron contour M “(percent 3)
Cr, = -0.2|Cp, = 0| Cy, = 0.2
Circular-arc 0.607 18 -7 18
- Circular-arc Okl -~ b3 25
Flat-sided, t = 0.50| <607|. 2k 9 20
Flat-sided, t = 0.50| 934  -- 30 30
Flat-sided, t = 1.00} 397 29 21 2L
Flat-sided, t = 1.00| .965 -- 38 3B

NACA M No. L8SKO2: < 5

The veriation of 1lift coefficlent with Mach number at seversl angles
of attack for the alleron with t = 0 (circular arc), t = 0.50 (flat sides),
and + = 1.00 (flat sides) is presented in figure 8. From these data it
appears that the variation of 1ift coefficient with Mach number is practi-
cally unaffected by the various aileron profiles tested. The verietion
of 1ift coefficient with angle of atback for several subsonic Mach numbers
is presented in figures 10 to 12. At a Mach muber of 0.607 the 1ift-
curve slope near an angle of attack of 0° is less than the slope at larger
angles of attack; however, at hlgher Mach numbers the slope becames more
nearly linear through the test angle-of-attack range. The low Reynolds
number at which this investigetion was made is probably responsible for
part of the nonlinearity of the 1ift curves near zero lift.

The drag characteristica for the model with circular-arc aileron
(t = 0) are shown in figures 10 and 13. At subcritical speeds the drag
coefficient at an angle of attack of 0° is nearly constant at a value
of about 0.011. The drag rise for this model configuration comes at a
Mdch number of approximately 0.90. Increments of drag coefficients ACp
resulting from chenges in alleron contour are presented in figure 9,
for Mach numbers between 0.50 end 1.15. The flat-sided aileron, (t = 0.50)
shows a small increase In drag coefficlent (0.002) over the circular-arc
contour aileron below a Mach number of 1.05. Above a Mach number of 1.05
the values of ACp became negative. As might be expected, the flat-
sided aileron (t = 1.00) gave greater drag coefficlents, approxi-
mately 0.006 at subsonic Mach numbers, than the circular-arc aileron
(t = 0) through the Mach mumber range tested. .

The pltching-moment characterlstics for the various aileron
modifications investigated are presented In figures 10 to 1hk. These
resulte are summarized In the following table:
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It can be seen from the preceding table that alleron contour had &
conslderable effect on the aerodynemic-center location of the model at
subsonic Mach numbers. Thickening the alleron tralling edge shifted the

- aerodynsmic center rearward by approximately 2 to 10 percent at a sub-
critical Mach number of approximately 0.60 at 1ift coefficients of 0.20
and -0.2. The Jog in the pitching-moment-coefficient curve near zero
1ift for the circular-arc contour alleron (fig- 10) 1s equivalent to
about a 25-percent forward shift in the eserodynemic-center location.

This forward shift of the aerodynamic-cemter location for the flat-sided
alleron (fig. 11) near zero 1ift 1s approximately 11 percent. These Jogs
may have been accentuated by the relatively low test Reynolds numbers.
However, Inasmuch as thils forward shift Ih asrodynamic center occurs
within a very small 11ft range (about 0.05C1), it 1s thought thet it will
result in no serlous stability or control problems.

Above the critiéel Mach number for this model there 1s & considerable
rearward shift of the -aerodynemlc-center position. However, the limlted
amount of data obtained does not Justlfy any concluslions concerning the
effect of aileron contour.

Alleron Control Characteristics

The results of the lnvestigation of the aileron control character-
istics for the various aileron contours are shown in figures 15 to 19.
The rolling-moment coefficlents of the ailleron with circular-arc (t = 0)
and flat-sided (t = 1.00) contour presented in reference 1 are repro-
duced in figures 15 and 16 for comparison with additional date on the
aileron with other trailing-edge thicknesses (t = 0.37 and 0.50) in
figures 17 and 18.

From the rolling-moment-coefficient dats presented in figure 17 1t
appears that the aileron with & value of t = 0.50 will glve control
throughout the Mach number range tested. However, at an angle of atback
of 3.4° (fig. 17(b)) the alleron effectiveness is very low. The rolling-
mcment characteristics of the slleron with a value of +t = 0.37 (fig. 18}
appear to be less satisfactory than either of the other ailerons with
thickened tralling edges because of very low effectiveness and reversal
for 8 =-5° eand a = 3.5° at a Mach mumber of 1.15 (fig. 18(b)).

A summsry of the effects of alleron profile on the rolllng-moment
coefficients 18 presented In figure 19. The aileron with thick trailing
edges gave greater values of JC;_ /08y +than the cilrcular-arc aileron.

The alleron with a ratio of trailing-edge thickness to hinge-line thick-
ness of 0.50 ghowe the most linear variation of Cza with B8y of the

four ailleron-contour configurations investigated and, in addition, the
effectivensss 802 Bg) 18 very near the maximum value obtained for

eny of the sileron contours investigated.
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CONCLUSIORS

Comparative tests of alleron~contour modifications at subsonic and
transonic speeds on a 42.7° sweptback circular-arc wing indicated the
following conclusions:

1. The sileron showed greater effectiveness with flat sides end
thickened trailing edge than it did with clrecular-arc conbowr throughout
the Mach number range tested. At an angle of atback of 0° there was no
indication of reversal of control of the alleron with the trailing edge
one-half as thick or as thick as the aileron &t the hinge line throughout
the Mach number range tested. The alleron with flat sides and trailing
edge one-half as thick as the alleron at the hinge line gave the most
linear variation of rolling-moment coefficient with aileron deflection at
any Msach number and generally gave the hlghest effectlveness of any con-
Tiguration investiga:bed..

2. The drag coefficient was increased by thickening the aileron
trailing edge at subsonic Mach numbers, but a decrease wes Iindicated In
some cases in the 'bransonic TaNge .

3. Thickening the glleron tralling edge shifted the aerodynamic
center rearwerd by approximately 2 to 10 percent at stberitlcal Mach
nunbers . .

Langley Asronautical Leboratory
National Advisory Committee for Aerona.u:tics
Langliey Fleld, Va.
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Figure 2.- Section profiles of the 0.20¢ alleron tested.
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Figure 3.- Three-quarter front view of the model as mounted on the bump
in the Langley high-gspeed T- by 10-foot tunnel.
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Figure 4.~ Schematic sketch of relative position of modsl, balance, and
transonic bump as mounted in the Langley high-speed T- by 10-foot
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Figure 6.- Drawing of reflection-plane mounting of model on vertical
wall of the Langlsy high-speed 7- by 10-foot tummel.



6
/4 x/0 r— '

‘é 0 //

B
S 4
<
. /
3 )
R e
33. 1 1
&) &

0 7 4 6 8 /.0

Mach number, MV

Figure T.- Variation of Reynolds number with test Mach number.
geomstric chord of 0.25 foot.

Reynolds number based on model mean

5T

ST “oN W VOVN



wn

o P

LT coefficlent, ‘{:‘L
2

Moch number , M

. CONFIDENTIAL
@) Circular-arc_aieren, =0
__J;-—l L &0
[+
C _d __.ﬁ,——-l' oL G-y
Y A =) ££
() Flor-sided _ojleron, =90 | » beg
) ! 60
- 5]
] —] ala = e L
ry A 26
(oW o .0 0
Fal gll__('__( . 1'0'(
V- 23
| v g g ¥ \
= v
<) Frar-sided ailéron, 1= 400
o
A I "‘"#—M =
e e
l .
- T b o e,
5 6 7 3 2 L0 I 42

SHAGA

CONFIDENTIAL

Aiferon
Fiat-siaed , t = &0
~——- Fjat-sided, t=100 o .
: . (deq)
&
< 6.0
g .
o - .
% - . I
9 o4 25
I SR N N N ) Sl
_g ) - st - | T
S04 ' 0
h,
g I NN |
;0 =
a4 28
=
0 A e e ey e oy =y
5 6 70 8 8 19 M {2

Mach number, M

Figure B.- Variation of 1ift coefficlent with Mach Figure 9.- Variatiop with Mach number of increment
number for the model with several alleron

profileg .

-

Data from transonic bump.

of drag coefficlent caused by changing ailsron
contour from circular arc. Data from transonic

bump - ~SONEN

IS TS

SMIQT CON W VOVN

ekl

wT e im

5



.
N b —_ . -
g CONFIDENTIAL P CONF]DENTIAL
A : - 3
Y S P S See
28 Lo o I | a
5% ' _ g 38 ] 3
x g-./ vl ey RN 08 B
I 2 H & Q - E
% : ) o4 % : ool V PR
O | e I~ | ﬁ’( §
e 8 _ B aan
8 oy 8 o 0§
Q : Q
& é 6 M %
h“ o 60 ; o © o7
' > .94
8\ * o 94/ v 4 9
e A ]
-
2 — u
{ F- £
\Q‘ QS
0 v 0
3 L
N T
< 2 < 2
¥,
-4 /. -4
: AR SNAGA T —
Rdcr oy oy e e Sl
“Lift cosfhiciintC, T Sl caefﬁc'Fanﬁ ¢
Figure 10.- Aerodynamic characteristics of the model Figure 1l.- Aerodynamlic characteristics of the model
with circular-arc contowr aileron. 3, = 0°. wlth flat-slded alleron. +t = 0.50; 8, = 0°.
- . W

fo

cOIRT “ON WH YOWN




T

.

NACA RM NowL8K02

Pifching-moment

Angle of attack,cé, deg

‘Figure 12.~ Asro

E -I T
u f—
N
QU 5
S ol e
3 &
3
D
Q
p.
s -
M /é
6 © 597 : ol
m 888
4 © 966
b4
0
2 f{
...4 (/
% it
-6 0/ | 1
-4 & ]

-.ZL e .2
ift coefficient, C,

dynamic charscteristics of the model with flat-sided

alleron. t = 1.00; 8, = 0°.

©
Y

©
Y

Drag coefficient,Cp

L\



& 'mx-
E (deg)
S v 20
o]
5 -2 %
N 04
S z
% J . 5 MN
g T
<
204 05
q
-
e —0— o
=~
Y2
=
) gy 1
§ 0 o
E — & [ |
&2
-]
A ) b 7 & g 10
Mach number, M @

Figure 13.- Varletion of the aerodynamic charac-
teriatics of the model wlth Mach number.

Circular-arc alleron; &, = O°.

SIS

Drog coefficient, G,

g .
2
3 iaegl
EY v =29
2 %
04
. o 48
&é . bd
8.
go |E
IS
S04 S
N 13
®
04 §
g 8
0 o
‘ g
. q
~ 2y
O 2
S -
N
o
;:)"2 v Vv v %J v
£
~J

4 ) ¥) 7 8

9 10
Mach number, M @

Figure 1k.- Variatlon of the asrodynamic charec-

teristics of the model with Mach number.
sided aileron; t = 0.50; 8, = 0°.

Flat-

SOgT "ON WY VOVH




¥y | -~ -
&
(deg)
o 25
A ble]
o 4.6
o 109
9 153
DR
‘39 3
:%
g. _‘*I‘-ﬂ
< P 5
5 ;
|
: _
& g H e
fiaeats
3 5
Y

%] .6 7 8 9 o Kk rd

Mach  number, M A

Figure 15.- Variation of rolling-moment coefficlent
© with Math mumber for a 0.20~gchord circular-arc
aileron. % = 0; a = 0°; date from transonic

bump. AT

(R # 14

» F &
da
(deg)
a 2/
0 63
o[04
K] S
S03
<
@
3.
%
S of
. R
R - AT e,
S0
§
)
E_Eﬂ
Q
T

"

Flgure 16.- Variation of rolling-moment coefficlent

0 7 8 g /0 i 2
Mach number, M

with Mach number for a 0.20-chord flat-sided.

alleron.
bump .

t = 1.00; o = 0% data from transonic
R

BQEQ'I. "ON WH VOWVM




Rolling -momeny coerricient , ¢,

.03

02

0f

0

(deq)

v 150

T

A

A
o

7 8 3 10 Ll /

Mach number, M G

(a) a = O°.

Mach number, M

(b) @ = 3.4°.

Figure 17.- Variatlon of rolling-moment coefficient with Mach mimber
for a 0.20-chord flat-slded aileron. t = 0.50; data from

transonic bump.

&
(deg)
-50
-2.0
L 2.0
48
98
. 150
O :
t: 03 ‘ T
2 —
S o =
Y el
& b
o \w
% 0l , 5, :
4
S, —— .
8 o] - Y
'Qs L . 1 v
Q
E -w ‘ : ¥ ﬁrww
2 5 &6 7 8 9 0 U
"W’

cIBT "ON WH VOVN




-moment” coetiicient, € ia

Rolig

o
<

X

2

o

N
2

L ] ] -«
60 5!2?
(deg) (deg)
A& 20 v =50
B 50 @ =20
¢ 100 A 20
Y 150 2 50
Su— ¢ 100
K T )50
¥
o 0B
N
y S‘J —‘
Ry
O] " T L 02
T 3
Q
v L oo S
| | 3 1 M
—— H \9 é 0 ' K
N b b 4 o
S =
7 8 9. w0 u 12 € 5 6 7 & 8 w 4 -4
Mach number, m @_ . Mach number, M ~ch

(a) @ = 09, . (b) @ = 3,59,

Figure 18.- Varlation of rolling-moment coefficient with Mach number
for a 0.20-chord flat-sided alleron. + = 0.37; date from

trangonic bump. m

191




ol NACA RM Fo. L8KoO2

03 M=5 - 4 M=8.
) /d
02 7 4
7 / #
/4 4%
0/ v /4
S ’/ Y
) 4.4 /
*g“ 0
~
L Aileron
q“\; -0/ profife(t)
Q
Q L0 CIr. ore
© —_— 37
- —_— =50 } Flar-sided
S M =10 ——===100 M=L1
N 03
Q
S
>y .02
S y
Q\? /:/‘ﬁ /j' e
0/ // / y /
W4 A
// 42 iz
0 4 7
-0/ _
10 o /0 20 ~/0 0 10 20

‘Arleron aerfect/or;, &, , deqg R

Figure 1g9.- The effect of alleron profile on the rolling-moment
characteristics. « = 0°; data from transonic bump.



4 + 3




